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The changes of Lop Nur Lake and the disappearance
of Loulan
ZhiChao WANG*
Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Urumqi 830011, China

Abstract: The causes of the disappearance of the ancient town of Loulan in Xinjiang, China have been
generally agreed to derive from two factors: human activities and natural factors (environmental variations).
In this paper, the Muzart Glacier was selected as an example, and found that the length of the glacier has
been gradually decreasing and the snow line has been retreating to a higher altitude, both results contributing to a decrease in river flow below the Muzart Glacier. From the distribution of moraines in the Tianshan
Mountains and adjacent areas in different periods, the paper speculates that there have been four minor
glacial periods since the Quaternary. Although the durations and scales of the four minor glacial periods
were different, they all indirectly influenced the formation and disappearance of the Lop Nur Lake. The
events of the fourth minor glacial period are the important impact factors in the existence and disappearance of Loulan. Whether the disappearance of Loulan can be related to the events of the three previous
minor glacial periods needs further investigation.
Keywords: glacier; moraine; Loulan; Lop Nur

1 Introduction
The ancient town of Loulan, once a prosperous and
important city along the ancient Silk Road (Zhao,
1984) running through the Western Regions of China,
has an impressive history. In the Han and Jin dynasties,
Loulan was the first stop for messengers to travel to
the Western Regions through the Yumen Pass along
the Shule River. Loulan was at a point where the
southern and northern Silk Roads branched from the
main route, and there was an endless stream of traffic
on the road promoting economic and cultural exchange between China and the western world. Typical
travelers of the route included merchants and messengers, as well as Buddhist monks passing scriptures
from west to east and Buddhist chief and master
priests from the central plains of China travelling to
the western world on pilgrimages for scriptures. The
Loulan oasis had extensive fertile land with numerous
fields crisscrossed by footpaths, and Loulan was
crowded with merchants with plentiful products and
materials to trade and a wealthy class of citizens. From
numerous historical records and archaeological findings, modern authors have been impressed by the
prosperity of Loulan at that time. However, within a

short space of time the beautiful city of Loulan declined and then disappeared suddenly, and the vast
Lop Nur Lake changed to a dry and hard salt encrusted
barren land without vegetation. It is necessary to point
out that although the Loulan oasis and the
mist-covered vast Lop Nur Lake were different natural
landscapes, they were closely related and mutually
dependent. Due to the existence of Lop Nur Lake,
Loulan was renowned in this part of the ancient world,
but it was dependent upon the lake for its existence.
At the beginning of the 20 century, Sven Hedin, a
Swedish geographer, made three expeditions to Loulan and found the ruins that became very famous both
in China and abroad. However, he was perplexed at
the rich cultural relic in Loulan and why such a sophisticated society disappeared so rapidly (Sven Hedin,
1997). Researchers expected to solve the mystery of
the existence and disappearance of Loulan, but none
of the proposed ideas were satisfactory. These views
can be grouped into two types: one related to human
activities, and the other related to natural (environReceived 2010-06-10, accepted 2010-09-20
doi: 10.3724/SP.J.1227.2010.00295
*
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mental) variations.
The theories related to human activities include war,
pestilence, ecological imbalance due to excessive land
clearing, and changes in the silk traffic route (Xie,
2001; Zhang, 2004; Zhou, 2007; Song, 2009). Although these theories are based on some facts, they
could not actually explain why Loulan was deserted.
In addition, there is another view, this is the change in
the Peacock River water system resulted in the abandonment of the city. This could be a reasonable explanation.
The river diversion theory (Yuan and Zhao, 1997;
Zhang, 2001) relating to natural (environmental)
variations suggests that the midstream and downstream riverbeds of the Tarim River were elevated by
siltation, causing the river diversion with the river
drifting to south and north. In the areas where the river
was diverted, the water became shallow and the land
turned dry, but the total amount of water in the river
varied little. At the present time (within the last 200
years) the amount of water in all rivers in the region
has decreased greatly. For example, in the National
Map of the Qing Dynasty drawn in 1775 (Hu and Yan,
2003), the convergence of the four rivers, the Yarkand,
the Kaxkar, the Aksu and the Hotan Rivers, was at
Alaer city to the south of Aksu city. However, today
there is too little water in the Kaxkar River to reach
Alaer city, and the water flow in the Hotan River decreased greatly and cannot continue to flow into the
Tarim River for replenishment. The water flow in the
other two rivers has decreased as well.
Environmental variations have been explained by a
neotectonic movement theory, which was popular for
a time (Gao et al., 2004). It was believed that the neotectonic movement lifted the earth’s crust greatly and
blocked the source of water vapor and further led to
drought in the Loulan region. The research of the former Soviet Union geologist Sinichyn (1995) suggested
that the climate drying in central Asia occurred and
developed over the whole Quaternary Period (2.5 million years ago to the present day). Based on the evolutionary processes of the earth’s crust, climate drying
should have started from the Tertiary Period, have
been especially strong in the mid-Pleistocene (26 million years ago), and continued to develop in the Quaternary Period on the basis of the Tertiary Period
changes. The disappearance of Loulan occurred only
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hundreds of years ago and it is unlikely to be related to
geological changes. There is a story of Sand Rain Inundating Helaoluojia in the Buddhist Records of the
Western World, which describes natural phenomena in
a superstitious and religious manner owing to a lack of
scientific knowledge. The Sand Rain Inundating Helaoluojia suggested that Loulan was turned to desert
by “sand rain”. In fact, “sand rain” was a very common natural phenomenon in Loulan, and occurred
frequently in extremely dry environments. There was a
frequent and strong wind in Loulan that caused strong
wind erosion and aeolian accumulation, generating
large areas of Yardang landform and multiple types of
sand dunes. Sand streams had great destructive power,
especially sandstorms caused by gales, which could
lead to chaos and darkness, and dust floating in the air
up to a height of thousands of metres and travelled
over the ocean as far as the air spaces of Japan and
Taiwan. Constant sand streams on the ground surface
might have inundated some roads and houses under
certain conditions, but not a city. The disappearance of
Loulan had no relationship with the "sand rain".
The objective of the paper is to provide evidence to
show that the decrease in water flow resulting from
glacial changes was a main contributor to the change
of Lop Nur and the disappearance of Loulan.

2 Study area and methods
Muzart River, whose water comes from the southeast
of the Tuomuer−Hantenggeli Mountains, the east of
the Haerke Moutains and the south of the Halazhouliha Mountains, is one of important branches of
the Weigan River which flows into the Tarim River.
The direction of the river is basically from north to
south. The modern glaciers of 254 are distributed in
the source region of Muzart River. The famous three
glaciers are the Muzart Glacier, Karakule Glacier and
Tugaibieliqi Glacier. In the past, the melting water
from Muzart Glacier flowed into the Tarim River and
then supplied to Lop Nur Lake and ancient Loulan.
This paper chose the Muzart Glacier as a typical
example of mountain glaciers, and analyzed the
mountain glaciers’ dynamics and the relation between
the glaciers’ oscillations and the water area of Lop
Nur Lake by the field investigation and referring to
historical documents and related data.
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3 Results and discussion
3.1 The disappearance of Loulan and the evolution
of modern glaciers
There are various views on the disappearance of oases
and the drying up of lakes. Chen (1936) suggested that
the changes of the ancient lakes were caused by prehistoric climate changes, and that the period when the
lake had its maximum area was equivalent to the interglacial periods. Zhou (1978) pointed out that the
expansion and reduction of Lop Nur Lake had a close
relationship with alpine climate changes. In cold glacial periods alpine glacier ablation was reduced, so the
water supply was reduced and the area of Lop Nur
Lake shrank. In warm interglacial periods, alpine glacier ablation increased, so the water flow increased
and the area of Lop Nur Lake was enlarged. Xia (2007)
and Xiong and Yu (2008) pointed out that the decline
of the Loulan ancient town in the Tarim Basin had no
relationship with precipitation but was caused by a
reduction in water flow as a result of shrinkage of alpine glaciers. All of the above scholars mentioned that
the expansion, reduction and disappearance of the
lakes and oases in Xinjiang had a close relationship
with water flow related to alpine glaciers. Therefore,
we need to study the evolution of glaciers which
closely affect the river flows to resolve the environmental variations in the region.
Starting with the topographic features of the ancient
Loulan region, the landscape can be summarized as “a
basin between the mountains”. High mountain peaks
do prevent moist air currents from entering into the
region and have led to an arid basin climate for a long
period, but the other function of these high mountain
peaks has been neglected. The high peaks can intercept water vapor in the westerly airstream at high altitude. The precipitation in the alpine area was several
times to over ten times higher than on piedmonts and
plains. Also the annual evaporation in the alpine area
(especially in the areas above the snow line where
there was almost no evaporation) was far lower than in
the plains, which had an annual evaporation of
2,000−3,000 mm. The air temperature was low in the
alpine area and snow accumulated on the hillsides.
With the increase in the amount of snow, the earlier
snow formed granular ice through repeated melting
and freezing under constant pressure and heat effects,
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and such granular ice finally became glacial ice, which
moved slowly down the hillsides and started to melt
with the rise in temperature below the snow line. The
glacial meltwater that was generated would replenish
the rivers. In summer, the water demand for crop
growth is high, and glacier ablation is a major source
for providing a great amount of irrigation water. If we
carefully examine the distribution of the rivers, all of
them were closely linked to the distribution of glaciers.
If the quantity and areas of glaciers were large, the
related rivers were long and had plentiful water. For
example, in the origin regions of the Hotan, Yarkand,
Kaxkar, Aksu, Weigan, Kaidu and Qarqan rivers in
south Xinjiang, and the Ili, and Manas rivers, etc. in
north Xinjiang, there were large areas of accumulated
snow and glaciers that received the remaining annual
snow, and these were the sources of water that replenished the rivers during ablation. There was little precipitation in the oases in south Xinjiang but there were
bumper harvests every year, for the reason that the
rivers were replenished with stable glacial meltwater.
Glacial meltwater, which directly affects the expansion, reduction, formation, and disappearance of oases
and lakes, was extremely important to Xinjiang (and
the Gansu Hexi Corridor and central Asia regions).
The cause of the disappearance of Loulan and the
drying up of Lop Nur Lake should be revealed by
studying the growth and decline of the rivers, which is
putatively closely related to modern rivers and glaciers.
Modern glaciers are the continuance of historical
glaciers, i.e., the continuance of the last glacial period
of palaeoglaciers, and they are left over from long
term and varied periods of growth and decline.
Long-term changes in temperature have influenced the
glacial activities and changes on the amount of river
water and lake size. Glacier variations, which are affected by various natural conditions, are extremely
complex. The glaciers in China are mountain glaciers,
and their development is in mountain areas where the
juvenile stages of the rivers have strong erosion, steep
slopes, deep valleys and rapid-flowing water. Thus the
relics of earlier glacial activities have been frequently
eroded away by the later rivers and sometimes have
been damaged or buried by moraines and deposits
from the upper slopes. Therefore, it is very difficult to
model glacial activities in the ancient Loulan period.

298

JOURNAL OF ARID LAND

Vol. 2

There are some glacier relics, but they can only be
used as references, being too fragmentary for us to
understand the trace of the whole process and to remodel the influence of climate change on the glaciers
and rivers. The relics from the Last Glacial Maximum
are even scarcer, but luckily there are some (Fig. 1) in
the mountain pass in the northwest of the Baicheng
Basin in the upstream area of the Weigan River which
is a source river of the Tarim River, where the Muzart
River flowed out of the mountains. The mountain pass
has been part of the main traffic artery from south to
north Xinjiang since the ancient Loulan period. Many
people passed through here and many valuable records
of the glaciers have been retained. From the records
about the glaciers and the distribution of moraines in
different periods, we can understand approximately
the scale and extent of glacial activities at that time
and can speculate the approximate status of glacial
activities in the Tianshan Mountains and adjacent areas.

Fig. 2
Fig. 1

Pochengzi ice mountain ridge

Mountain glaciers are controlled by climate. When
air temperature falls, the snow line in mountainous
areas descends, and the snow accumulation range is
enlarged and the area and length of glaciers increases,
and vice versa. The examples are illustrated by the
Karakule and the Muzart Glacier (Fig. 2) located at the
source of the Muzart River. They are 7 km apart from
the end of the glacier, the former being a riverhead
glacier towards the east, and the latter a branch glacier
with the initial 8 km going upward in a south-north

Muzart River valley glacial landforms

direction and the other part going eastward from
Hongshantou. The two glaciers are similar, with a
length of about 33 km. The elevation of the end is
about 2,800 m for the former and 2,700 m for the latter. The thickness of the glaciers is 200 m on average
and more than 300 m at their maxima. The elevation
of the snow line is 4,200 m, which is 1,400−1,500 m
higher than the front of the glacier tongue. The length
of the accumulation areas and ablation areas of the
glaciers are 8 km and 25 km, respectively (The Mountaineering Team for Scientific Investigation, CAS,
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1985). The width of the Muzart Glacier is 1.5 km on
average along the 30.5 km section from the Muzi Pass
(3,155 m above sea level) upstream and about 700 m
on average (the width of glacier tongue) along the 25
km section from the Muzi Pass downstream, and the
minimum width of the glacier is 450 m at the Muzi
Pass (The Lanzhou Institute of Glaciology and
Geocryology, CAS, 1987). Due to sharply narrowing
at the pass, the upstream ice was blocked and lifted
here, and the outer edges of the glacier had steep
slopes. In the 1950’s there were still people designated
to maintain the ice course here to facilitate travelers
passing this way. However, since then these assistants
have not been required because the ice had melted
significantly, the steep section has become gentle, and
passersby have been able to pass safely. Along the
ancient road from south Xinjiang into north Xinjiang,
travelers can start from Pochengzi, Baicheng, and go
64 km to the north along the Muzart River to reach the
front of the Muzart Glacier, and walk 9 km upward to
the top of the Muzi Pass, which is the entire course of
the modern glacier (Fig. 3). In the present day there is
no glacier on the road from the Shiboleike Pass to
Xiata. There is a wide branch gully facing the north of
the parallel hillside, and the route continues along the
gully to the Shiboleike Pass (3,509 m above sea level),
and continues north for a further 3 km to arrive at the
Muzart Pass (3,582 km above sea level) on the border
between north Xinjiang and south Xinjiang. The route
then heads down the slope to enter north Xinjiang,
continuing downward 45 km along the North Muzart
River to reach Xiata at the mountain pass on the north
slope of the Tianshan Mountains, and then enters into
the Zhaosu Basin, from which travelers can enter into
central Asia.

Fig. 3
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3.2 Literature on the dynamic changes of modern
glaciers
The Records of Natural Conditions and Social Customs of Xinjiang (Qi, 1962) showed that the length of
the Muzart Glacier was about 51 km in 1759, which is
18 km longer than in modern times. If measured from
the source glacier, the length would be up to 58 km.
The end of the Muzart Glacier at that time was 376 m
lower than the modern Muzart Glacier, and the elevation of the snow line was about 3,830 m. It is speculated that the end of the glacier might have been in the
Wutanbulake district, and that the length from the
source to the glacier face was about 80 km, with the
length of the Muzart Glacier being 73 km. The north
slope of the glacier might have been at Yidunge’er, 27
km from the pass.
In addition, according to the record of the bottom of
the south slope of the Muzart Glacier in 1816 (Xu,
1893) Bailongkou was about 15 km from the end of
the ice bed, and the length of the glacier was about 48
km, and the elevation of the end was approximately
2,450 m, and the elevation of the snow line was about
3,850 m.
The author of the Journal of Boundary Demarcation
started his journey from Xiutikou (currently Xiata),
traveled 30 km toward the south along the Musu River
(currently the North Muzart River), and stayed at
Edonggaertai (currently Yidunge’er, 18 km from Xiata)
on July 20, 1882 (Shakedulinzhabu, 1884). According
to his description, it can be speculated that in the 19
century, the moraine deposit located at an elevation of
2,661.4 m above sea level in the Muzart River valley
was 140 m higher than the riverbed, and that the glacier at that time was 10.5 km longer than the modern
glacier. That would mean that about 100 years ago, the
Muzart Glacier was 43.5 km long and the elevation of

Muzart Glacier (The middle peak is Baiyu-peak, shot in 1987 by the author)
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the snow line was about 4,000 m.
From the above-mentioned records in different periods, even though there were many difficulties and
dangers during the recent 100 years along the route
from the north slope to the south slope, travelers could
reach the next stop in the journey through the glacier
area within one day. According to reports more than
200 years ago travelers could not reach the next stop
through the glacier area within one day and had to stay
overnight on the glacier (Qi, 1962).
3.3 The distribution of moraines and the profile of
glacial activities in different periods
Modern glaciers have their origins during the last period of glacial activity in the Quaternary. The last glacial activity is also called the last or fourth glacial period, which started 85,000 years ago and ended about
15,000 years ago. About 10,000 years ago, the glaciers were at the Last Glacial Maximum, with both the
snow distribution and glacier scale having the greatest
range. At that time, the snow line was the lowest
(about 3,266 m), which was 940 m lower than the
limit of the modern glaciers. After a stable period, the
glaciers mainly retreated with slight repetition for
more than 3,000 years. About 7,000 years ago, the air
temperature increased gradually and the Megathermal
Period, also called the Climate Optimum, lasting for
3,000−4,000 years. The annual average temperature
all over the world in the Megathermal Period was
2−3°C higher than the temperature now, so in the
Megathermal Period, the glaciers and their water
storage capacities declined, the amount of melt water
at last decreased, and there was no water flowing into
Lop Nur Lake or its replenishment from rivers was
significantly reduced (Wang, 1981). After the Holocene Megathermal Period, around 3,000−5,000 years
ago, the world climate was cooled, causing glaciers to
advance again, so Lop Nur Lake reoccurred and
enlarged and there were human activities around the
lake, which can be proven by cultural relics and ancient tombs. This glacier advancement period was
called the Neo Glacial Period. The glacial activity
retreated 2,000 years ago, and later returned during the
“minor glacial period” with small glacier advancement
starting in the 13 century and lasting into the 17 century. The glacial activity has further retreated during
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the last 300 years. Since the 20 century, the glacier
ablation has been enhanced, the glacial area has reduced and the water storage capacity has decreased
with the increase in air temperature.
The climate has changed in all periods, but the relics of the earliest and latest periods, i.e., the moraines
of the Last Glacial Maximum and the neo glacial period, which was better preserved, can be seen in the
Baicheng region. The relics of the Last Glacial
Maximum in the Pochengzi district have been preserved in good condition where streams and rivers
leave the mountain (the ‘mountain mouth’), and they
clearly show the morphology, scale, change period
and strength of the glaciers. The terrain in the
Pochengzi district was open, the scope of the glacial
activity and the moraine accumulating area were large,
and the glacial melt water from the mountain mouth
flowed along the foot of the south slope of the mountain, bypassing the moraine area. In addition, the
Pochengzi district was arid with little rain and without
any surface runoff, so there are large areas of
well-preserved moraine. The moraine was distributed
like a fan in the piedmont (Fig. 1), where the terrain
was open with an elevation of 1,860−2,100 m, so the
end of the glacier tongue could spread out to a maximum of 11 km. (It is difficult for the maximum width
of a glacier to exceed 2 km in a mountainous area.)
The section of the glacier that extended out of the
mountains had a length of 7 km, covering an area of
33 km2, and was composed of 10 rows of high arc
terminal moraine ridges. These moraine ridges were
divided into 2 groups by a middle fluvioglacial deposit depression with a width of 1−1.2 m. Each of the
2 groups contained 5 rows of moraine ridges. The
outer group had an elevation of 1,860−1,940 m and a
relative moraine ridge height of 50−80 m, and the inner group had an elevation of 1,960−2,100 m and a
relative moraine ridge height of 70−150 m. The whole
moraine layer was gray, covering the approximately
upright Mesozoic-Jurassic stratum. The terminal moraine ridge at the front end of the glacier in the Last
Glacial Maximum was 50−80 m above the ground
surface. Because the height of the face of the modern
glacier is mostly 30−50 m and it is difficult for the
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glacier deposits to form moraine ridges, it could be
speculated that the height of the glacier tongue would
have been 100−150 m at the Last Glacial Maximum.
The outermost terminal moraine ridge is the location
of the face of the glacier in the Last Glacial Maximum.
After a relatively long stable period, the air temperature rose slightly and the glacier retreated about
200 m and then another stable period occurred. Four
cycles of long stable periods and slight retreats caused
a total retreat distance of 1.5 km. Then during a fifth
and rapid air temperature rise the glacier remained in
place for a short period, so the terminal moraine ridge
was low and the retreat distance was 500 m. After that
period, the air temperature rose even faster than the
fifth rise and the glacier retreated rapidly by 1−1.2 km
to form a fluvioglacial deposit depression. After the
Megathermal period, the air temperature decreased
suddenly and the inner moraine group was generated.
The glacier was 3 km from the mountain mouth, the
amount of ice flowing out of the mountain mouth was
less, and the longest inner terminal moraine arc was 4
km in length. The five moraine ridges reflect that the
occupation length of each period was long, and the
retreat time was short. The fifth ridge, with a width of
less than 1 km, indicated a retreat to the mountain
mouth. The changes in air temperature after the glacier retreated into the mountainous area are not known,
because the river rapidly cut down through the bed to
a depth of nearly 100 m and the relics have all been
destroyed.
The Muzart Glacier was 104 km long in the Last
Glacial Maximum with a glacier accumulation area
length of 28.5 km and a glacier ablation area length of
78 km, with these distances being over 3 times those
of the modern glacier. The area of the modern glacier
is 1,219.23 km2, and that of the Last Glacial Maximum glacier was 2,800 km2. The ice storage of the
glacier in the Last Glacial Maximum was 849.3 km3,
which was 3.85 times large than that of the modern
glacier. The glacier in the Last Glacial Maximum had
a thickness of 350 m on average and a 600 m maximum. In the current drainage area, there are 254 glaciers, but the total number of glaciers in the Last Glacial Maximum was undoubtedly less. The reason for
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this is that there are currently many isolated glacier
groups, but, due to a large amount of snow in the Last
Glacial Maximum, most of them had converged to
form large branching valley glaciers. Using this as an
analogy, the glaciers in the Tianshan Mountains (and
Kunlun Mountains, etc. including the adjacent mountains) occurred and developed under the same climatic
conditions as Muzart Glacier in the Last Glacial
Maximum. So their lengths were 3 times greater than
those of the modern glaciers. The amount of ice would
have been about 4 times the current levels, and the
amount of glacial melt water would have been proportionally larger. About 10,000 years ago, the branches
of the Tarim River should have been at their maximum water volume. At that time, a great amount of
water from the glaciers in the areas of the Tianshan
Mountains, the Pamirs and the Kara Kunlun Mountains flowed into the Tarim River, and the water from
the Hotan and Keliya Rivers in the Kunlun Mountains
area flowed to the Tarim River at the north part of the
Tarim Basin. In addition, the Peacock River flowed
through Yuli and converged to the Tarim River, and
the converging river flowed southeast into Lop Nur.
At the same time, both the Qarqan River from the
south edge of the basin and the Shule River from the
Gansu Corridor flowed into Lop Nur. The Last Glacial
Maximum, which lasted thousands of years, would
have been the most prosperous period of Loulan when
the area of Lop Nur was extensive. It should be mentioned that this period of maximum lake size at Lop
Nur was also the period of the largest discharge. So
some rivers with high water flows formed lakes in
their own right along their length at depressions in the
plains. For example, the Manas River from the north
slope of the Tianshan Mountains flowed through the
location of the present county town, traveled 160 km
northward to Daguai, and then formed a lake, namely
Manas Lake (Tieleli Lake), which was about 100 km
long and more than 30 km wide. The lake had a vast
area, but it was difficult to divert the water in it for
farmland irrigation. Later, the Tang Canal was built at
the northeast end of the lake for water diversion. The
Shiyang River in the Gansu Corridor had a large
amount of water and formed the Dadong River and the
Daxi River in Minqin County. The two main streams
each had several branches, which passed through the
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irrigation area from south to north and provided a
great amount of surplus water that flowed into depressions located 70−80 km to the north of the county
town, thus forming the Baiting and Qingtu Lakes.
When water was abundant, the two lakes merged into
one; and when water was scarce, the lakes separated
and then dried gradually. The Pochengzi glacial period
was the last glacial period in 2 million years from the
start of the Quaternary, and many glacial periods occurred before, especially in the European and American Continents. During the Quaternary glacial period,
ice layers with a thickness of several kilometers covering Europe, North America and Antarctica and there
was a lowering of the sea level. Following each glacial
period, there was an interglacial period when the glaciers melted and the sea level rose again. One glacial
period and one interglacial period constituted a complete palaeoclimatic cycle. There is a general consensus among scientists that there were four glacial periods and three interglacial periods. The Pochengzi glacial period was the fourth glacial period and moraines
from the third glacial period have been found in the
Kezibulake Village region to the south of the
Pochengzi moraines and have been therefore named as
the Kezibulake moraines. The Kezibulake moraines
are also below the Pochengzi moraine layer and are
separated from it by fluvial sediments with a thickness
of 16 m, and the length of the glacier in this glacial
period was greater than 120 km. In addition, the second glacial period occurred in the mid-Pleistocene,
with the moraines deposited on the erosion surface of
the Jurassic coal strata of the Pochengzi coal mine
region, and has been named the coal mine glacial period. The Eopleistocenic moraines of a million years
ago were from the first glacial period, and distributed
slightly below the erosion section. The upper layers
are the Pochengzi moraines, the lower layers are cemented moraine blocks of different sizes, and the
lowermost layers are cemented piedmont diluvial deposits.

typical glaciers in this paper, i.e., the Muzart Glacier,
their length has been decreasing continuously and the
elevation of the snow line has trended higher. Since
the beginning of the Quaternary, four minor glacial
periods have occurred in the regions of the Tianshan
Mountains. The durations and scales of the four minor
glacial periods were different. During the interglacial
periods, the air temperature rose and the glaciers retreated and the snow line rose, and the glacial runoff
reduced accordingly, with the reverse trend occurring
during glacial periods. All of these four minor glacial
periods influenced the existence and disappearance of
the Lop Nur Lake, and the fourth disappearance of the
glacier was a repetition of the previous three processes.
The decrease of water amount resulting from the activities of the fourth glacial period directly caused the
change of Lop Nor, and affected the disappearance of
Loulan. Whether the activities of the three previous
minor glacial periods contributed to the disappearance
of Loulan needs to be further investigated.
The relationship between glacier ablation and the
glacial runoff is not fixed. Within rising temperature
glacial runoff increases initially (Liu et al., 2005), and
then an inflection point of glacier ablation occurs.
Glacier ablation continues after the inflection point
occurs, and the amount of water flow from the glacier
into the river decreases sharply. When the glacier
melts, its scale reduces significantly, making the runoff of glacial melt water decrease further. If the glacier
is small it can even disappear.
In conclusion, the disappearance of Loulan and the
drying up of Lop Nur resulted from a decrease in the
volume of water flow caused by the retreat and ablation of glaciers. However, we do not deny the effects
of other factors. In fact, the disappearance of Loulan
should be attributed to the integrated effect of many
factors. Under the macro background of air temperature increase and glacier retreat, human activities, war
and disasters were combined to accelerate the disappearance of Loulan.

4 Conclusions
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